In this paper, we extend the idea of fuzzy modules and uniform fuzzy modules to the concepts of t-fuzzy modules and uniform t-fuzzy modules, respectively. We give some characterizations and properties of t-fuzzy modules and uniform t-fuzzy modules.
Introduction
The concept of fuzzy sets was introduced by Zadeh in 1965 [12] . Fuzzy set theory has been developed by many mathematicians and these ideas have been applied to other algebraic structures like semigroups, groups, rings, modules and so on. For the theory of fuzzy groups first studied by Rosenfeld in 1971 [10] and formulated the concept of fuzzy subgroups of group. Later on, the concept of fuzzy module was introduced by Negiota and Relescu in 1975 [6] and this concept was also studied by the authors like, Pan [7, 8] and Golan [4] . The concept of t-norm (i.e., triangular norm) was introduced by Dubois and Prade in 1978 [3] . Dheena and Mohanraaj studied t-fuzzy ideals of rings in 2011 [2] . Ujwal and Helen studied some properties of t-fuzzy essential ideals of rings in 2013 [11] . Rasuli studied fuzzy modules over t-norm in 2016 [9] . In this paper, we extend the notion of fuzzy modules and uniform fuzzy modules to t-fuzzy modules and uniform t-fuzzy modules, respectively and various properties are being investigated.
Definition [11] . Let µ and λ be fuzzy subsets of a nonempty set S. A fuzzy subset µ ∧ λ is defined as (µ ∧ λ)(x) = T (µ(x), λ(x)) for all x ∈ S. Lemma 6. Every fuzzy module of a right R-module M is a t-fuzzy module.
Proof. Let µ be a fuzzy module of a right R-module M and x, y ∈ M . Since
For the second and the third condition follow from definition. Therefore µ is a t-fuzzy module of M .
Definition [1] . Let S be a nonempty set and µ a fuzzy subset of S. Define µ * by
But µ s need not to be a submodule of M . Proof. It is clear.
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Definition [1] . Let f be a mapping from a nonempty set M into a nonempty set N and µ, ν fuzzy sets in M, N , respectively. The image of µ denoted by f (µ) is the fuzzy set in N defined by
The inverse image of ν denoted by f −1 (ν) is the fuzzy set in M defined by
Definition [9] . Let M, N be right R-modules and µ, ν t-fuzzy modules of M and N , respectively. An R-homomorphism f :
t-fuzzy modules
In this section, we will give some characterizations and properties of t-fuzzy modules.
Lemma 13. Let A be a submodule of a right R-module M and µ a t-fuzzy module of M .
Proof. Let x, y ∈ M and r ∈ R.
(1)
, µ A (y)).
1.2. x / ∈ A and y ∈ A.μ A (x − y) ≥ 0 = T (0, µ(y)) = T (μ A (x),μ A (y)).
1.3.
x ∈ A and y / ∈ A. It is similar to the case 1.2.
Thereforeμ A is a t-fuzzy module of M . Proof. Let α and β be non-zero t-fuzzy submodules of ν. Then f −1 (α) and f −1 (β) are non-zero t-fuzzy submodules of µ. Since µ is a uniform t-fuzzy module
Theorem 28. Let µ, ν be t-fuzzy modules of right R-modules M and N , respectively. If f : M → N is an isomorphism from M into N , f : µ → ν is a t-fuzzy module homomorphism and ν is a uniform t-fuzzy module of N then µ is a uniform t-fuzzy module of M .
Proof. Let α and β be non-zero t-fuzzy submodules of µ. Then f (α) and f (β) are non-zero t-fuzzy submodules of ν. Since ν is a uniform t-fuzzy module of
Therefore µ is a uniform t-fuzzy module of M .
